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INTRODUCTION. 


We read of topographic maps and of geographic maps. Both 
ot these classes of maps represent similar features—the drainage 
and other bodies of water, the relief of the earth’s surface, and 
the artificial features, such as railroads, roads, towns, houses, ete. 
The distinctions between them are merely those of scale and of 
area represented. A map ona small scale and covering a large 
area is commonly known as a geographic map. 

Mother maps are those made from original sources of informa- 
tion. Commonly they are the maps for the production of which 
a survey Was earried on, while compiled Maps are secondary 
productions, being reduced or changed in certain respects from 
the mother maps. Topographic Maps may be mother maps or 
compiled maps. Geographic maps are in most cases compiled 
maps. 

Most of the countries of Europe have been surveyed under a 
uniform plan or system and mother maps produced therefrom. 
In these cases the mother map is everywhere of uniform quality 
and character. In the United States, on the other hand, many 
partial surveys have been made under independent authorities 
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and of widely differing degrees of accuracy, and the maps result- 
ing therefrom differ in scale and value. 

It is my purpose to sketch the principal of these surveys, 
characterizing the methods employed and the accuracy and value 
of the maps which have resulted from them, in order to learn 
What parts of the country have been well mapped, what parts 
have been indifferently mapped, and what parts have not been 
mapped atall. Such surveys have been exeeuted under au- 
thority of the general government and of state governments and 
have been carried on by private enterprise. 


SURVEYs OF THE UNITED STATES GOVERNMENT. 


The Coast and Geodetic Survey—The most prominent organiza- 
tion under the general government, and that one which is execut- 
ing the most accurate work, is the United States Coast and 
Geodetic survey, which, commencing its actual work in 1832, 
has continued down to the present time. During this period 
nearly the entire coast line of the Atlantic, Gult and Pacific, with 
the exception of the coast of Alaska, has been mapped, together 
with a strip of inshore topography ranging from half a mile to 
five miles in breadth. The area of topographic surveys is not 
extensive, being at the present date only about 34,000 square 
miles. Inaddition to this work, triangulation has been extended 
inland in various directions for a number of different purposes : 
It has been extended southwestward along the Appalachian 
mountains for the purpose of furnishing a suitable control for the 
work along the southern coast; it has been extended westward 
from the Atlantic coast in the neighborhood of the 40th parallel 
of latitude to central Kansas, and from the Pacific coast east- 
ward to eastern Utah for the purpose of ultimately joining together 
by triangulation the work upon the eastern and western coasts. 
For assisting in state surveys, triangulation has been done in the 
interior in many of the states, among which are New Hampshire, 
Massachusetts, New Jersey, Wisconsin, Indiana, Kentucky and 
Tennessee. Besides all this triangulation, numerous astronomic 


determinations have been made in the interior. 

The triangulation of this organization is of the highest order 
of excellence. Topographic details are mapped by the plane- 
table. The planetable sheets are in the main made on a scale 
of 1: 10,000, or about 6 inches to 1 mile, and are published on 
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various scales from 1: 10,000 to 1: 80,000. Contour lines at verti- 
cal intervals of 10 or 20 feet are located on the planetable sheets. 
The small scale charts are published in hachures, those on the 
larger scales commonly in contours. 

Geological Survey.—The United States Geological survey is the 
only organization which has ever undertaken to map the United 
States under a comprehensive and well defined plan, and it has 
surveyed a greater area than any other organization. It was 
formed in 1879 upon the discontinuance of the three rival western 
surveys, hamely, the Hayden, Wheeler and Powell surveys. At 
first it was restricted in its operations to the public domain, but 
was soon authorized by law to include the entire United States. 
The work of topographic surveying on a large scale, with a view 
to mapping the entire country, was commenced in 1882 and has 
been prosecuted actively since that time. 

The work, wherever practicable, is controlled by triangula- 
tion, which, though not of geodetic refinement, is suitable for the 
control of the maps upon the adopted scales. Where it is not 
practicable to carry on triangulation for control, traverses are run 
for that purpose with instruments of considerable power and with 
all possible precaution to prevent the accumulation of sensible 
error. 

Aside from the primary control, location is effected by graphic 
methods. The planetable is used for secondary triangulation 
and for traversing. Heights are measured with the spirit level, 
by vertical angles, and by aneroid. The maps are now pub- 
lished on two scales, one of 1:62,500, or about one mile to an 
inch, the other of 1:125,000, or about two miles to an inch. 
Considerable work has been executed on the scale of 1: 250,000, 
but that seale has been abandoned. Relief is expressed by con- 
tours, the intervals ranging from 5 feet up to 200, depending upon 
the scale and upon the degree of relief of the country. 

The Geological survey has worked in codperation with four 
states, namely, Massachusetts, Rhode Island, Connecticut and 
New Jersey, and has completed the surveys of these states. It 
has also surveyed large areas in New York, Pennsylvania, Mary- 
land, Virginia and West Virginia, the southern Appalachian 
region, Louisiana, Texas, Arkansas, Illinois, Lowa, Wisconsin, 
Missouri, Kansas, and the western states and_ territories gen- 
erally. Altogether an area of 550,000 square miles -has been 
surveyed. The maps are engraved on copper. Three plates 
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are required, the culture, drainage and relief being printed in 


different colors. 
Lake Survey.—The shores of the Great lakes and of the St Law- 


rence river have been mapped, together with a narrow strip of 


topography, by the organization known as the United States 
Lake survey, which was under the control of the Engineer corps 
of the United States army. Besides mapping the shores of the 
lakes, this organization carried a belt of triangulation from the 
head of lake Michigan to that of lake Erie across the southern 
end of the peninsula of Michigan, and another strip of triangula- 
tion through eastern Illinois to the neighborhood of Vincennes, 


Indiana, and located by astronomic means a large number of 


points in the lower peninsula of Michigan. All these determi- 
nations of positions were connected directly with section corners 
of the United States Land survey, to be hereafter deseribed. 

The work of this organization was of a high order of excellence, 
comparable in most respects to that of the United States Coast 
and Geodetic survey. 

Engineer Surveys.—In connection with river improvements, the 
United States Engineer corps has made surveys of many navi- 
gable rivers. In many cases these are merely local surveys 
covering trifling areas, but in the cases of the lower Mississippi 
and the Missouri river excellent maps, controlled by triangula- 
tion, have been produced. 

Army Erplorations—The western part of the United States 
has, ever since its acquisition, been a favorite field for explora- 
tion and survey. For a long time the War department MONnOpo- 
lized this field. The explorations began with the famous expe- 
dition of Lewis and Clarke in the early years of the century, 
followed by those of Long, Pike and Fremont. Then, in the 
early fifties, came that remarkable series of explorations known 
as the Pacifie railroad surveys. These were followed by numerous 
other army expeditions, some of which are of comparatively 
recent date. Altogether a large number of military parties have 
traversed the Cordilleran region and each of these expeditions 
has furnished more or less reographic information. 

Their methods of survey were, in nearly all cases, similar: A 
traverse survey of the route was made, using the compass for 
directions. Distances were measured hy the revolutions of a 


wheel or by estimates based upon the time of travel. Points off 


the line were intersected upon and thus located roughly with refer- 
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ence to the line of travel, and, resting upon this rather imperfect 
skeleton, the topography in sight of the line was sketched, while 
that out of sight of the line was often added from the statements 
of hunters, trappers and Indians. These lines were checked at 
intervals by astronomic determinations, the latitude being deter- 
mined by altitudes of the sun or a star, the longitude by moon 
culminations or lunar distances, or by chronometer. 

Many such lines were run in various directions over the 
Cordilleran region. From such as were at that time available, 
General G. K. Warren constructed in 1857 the first map of the 
western United States which was in any way worthy of the name 
of map. 

Nearly all of the areas thus explored have since been resur- 
veyed by more accurate and detailed methods. 

Survey of the 40th Parallel—In 1867 Mr Clarence Wing, a civil- 
ian in the employ of the War department, organized a survey 
for the exploration of a strip of country adjacent to the line of the 
Union Pacifie and Central Pacific railroads, from the longitude 
of Cheyenne on the east to the eastern boundary of California on 
the west, and about 100 miles in breadth from north to south. 
This work, which was completed in 1871, comprises an area ol 
about 87,000 square miles. It was published on a seale of 4 
miles to 1 inch in approximate contour lines 300 feet apart. The 
work was controlled by triangulation ; heights were measured by 
barometer and by vertical angles, and sketching was done in 
note books, the sketches being adjusted to the locations in the 
office. 

Surveys west of the 100th Meridian.—This was the most exten- 
sive of the surveys within the Cordilleran region. It was com- 
menced in 1869, and for several years was carried on by traverse 
» those followed bv the other explorations 


methods similar t 
under the War department, and the maps produced were pub- 
lished on a scale of 8 miles to an inch, the relief being expressed 
by hachures. In 1873-4-’5 the methods of this survey were 
radically improved, A system of control hy triangulation was 
adopted, the seale of publication Was increased from 8 to 4 
miles to an inch, and areas, instead of lines of travel, were 
mapped. This survey was discontinued in 1879. The entire 
area surveyed is said to have been 561. M0 square miles, of which 
103,000 square miles was on a scale of 4 miles to an inch, the 


balance being on that of S miles to an inch. 
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The Hayden Survey.—This organization, which was initially a 
geologic exploration, was instituted in 1867. No topographic 
work was done by it until 1871, when certain route surveys were 
made in Montana, Idaho and Yellowstone park. In 1872 similar 
surveys were carried on in the same region. Between 1875 and 
1876, inclusive, the work of this organization was confined to 
Colorado and adjacent strips of Arizona, New Mexico and Utah, 
while in 1877 and 1878 work was done in Wyoming, Idaho, Utah 
and Yellowstone park. During 1875 and following years the 
methods of survey were greatly improved. The work was con- 
trolled by triangulation originating in measured bases, within 
which was a secondary triangulation, by means of which nearly 
all control points were located; traverse being used to locate only 
minor details of roads, streams, ete. Sketching was done in note 
books, and the sketching was adjusted to the control in the office. 
The maps were published on a scale of 4 miles to an inch, in 


approximate contour lines 200 feet apart. Altogether an area of 


about 100,000 square miles was surveyed by this organization, 
which was discontinued in 1879. 

owell Survey.—This survey originated in an exploration of the 
Colorado river, commenced in 1867. After the completion of this 


exploration, systematic work was undertaken in the territory of 


Utah, and up to the time of the discontinuance of the survey in 
1S7T9 about 67,000 square mules had been surveyed, comprised in 
Utah and the northern part of Arizona. The methods of work 
were quite similar to those of the Hayden survey, but with this 
notable exception, that the minor control and the sketching were 
done upon planetables, the sketching being adjusted to the con- 
trol in the field upon the stations. The maps were published 
by the present Geological survey on a scale of 1: 250,000, the 
relief being expressed by contours 250 feet apart. 

Boundary Surveys.—The boundary lines of many of the western 
states and territories have been run at the expense of the general 
government, and in connection with these boundary surveys 
narrow strips of topography have been mapped. 

In 1875, when public attention had become drawn to the gold 
deposits of the Black hills, an exploration of this region was 
undertaken by the Indian bureau under the authority of the 
general government. This exploration included both the prep- 


aration of a topographic map and a geologic examination. The 
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map was produced on a seale of 4 miles to an inch in approxi- 
mate contour lines, 

Public Land Surveys. In the latter part of the last century a 
system was devised for the subdivision of the public lands held 
by the United States, for the purpose of cutting them up into 
convenient parcels for sale or other mode of disposal. The system 
then devised has been extended with little modification over all 
the states, with the exception of the thirteen original colonies, 
together with Maine, Vermont, Kentucky, Tennessee and Texas. 
Many of the states have been surveved entirely under this sys- 
tem, while the others have been in greater part surveyed. 

The method of subdivision is a very simple one, and is learned 
by every western child in connection with the alphabet. An 
initial point is selected from which a base line is run east and 
west and a principal meridian is run north. At intervals upon 
this base line, ranging from twenty-four miles upward, other 
lines are run north, known as guide meridians, and at similar 
intervals on the principal meridian secondary east-and-west 
lines are run, known as correction lines. Phe blocks of country 
thus laid out into approximately rectangular shape are sub- 
divided into approximate squares by running lines northward, 
eastward, and westward at intervals of six miles, forming what 
are known as townships. Each township is then subdivided by 
means of lines run at every mile in both directions, forming sec- 
tions, each section being approximately a mile square, The 
north lines are theoretically run on true meridians and therefore 
converge, the convergence increasing from the base line north- 
ward until a correction line is reached. Upon the correction line 
a new start is made, the townships and sections resuming their 
former bases of six miles and one mile respectively. 

The principal and guide meridians, the base lines and corree- 
tion lines, as well as all other township lines in this work, are 
run by solar compass, and distances are measured by chain with 
considerable care. The subdivision of townships into sections is 
generally done with a compass, and the chaining is executed with 
less care. The accumulated errors in the survey of a township 
are thrown into the northern and western tiers-of sections, cul- 
minating in the northwestern corner. 

In the prosecution of these surveys no attention has been paid 
to veographic positions, The initial points have been selected 
arbitrarily, and it is only by connecting these surveys with posi- 
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STATE SURVEYS. 


New Hampshire——This state supported recently a geologic sur- 
vey, which undertook the preparation of a topographic map, a 
work which was effected mainly, however, by compilation, little 
original work being done. A number of positions in the state 
were obtained from the United States Coast and Geodetic survey 
and to these were fitted traverses of roads which had previously 
been surveyed by private enterprise. Upon this skeleton a some- 
what pretentious contour map was produced by using for heights 
the profiles of the railroads of the state, supplemented by numer- 
ous aneroid measurements made by the geologic survey. This 
map was printed on a scale of 22 miles to an inch with a con- 
tour interval of 100 feet. It was issued in 1878. 

New York.—From 1877 to 1884 the state of New York main- 
tained a survey under Mr J. T. Gardiner. By this survey much 
triangulation of a high degree of accuracy was carried on, but 
no topographic work was executed. This state also maintained 
for many years an organization known as the Adirondack sur- 
vey, which was instituted for the purpose of mapping the Adi- 
rondack region. No results, however, have been published 
beyond the positions of a few geodetic points and a large number 
of measurements of altitude. 

Pennsylvania.—In Pennsylvania considerable money has been 
expended in topographic surveys for special purposes, but these 
have been on so large a scale and are so detailed in character 
that, areally, they are of slight importance. Most of them are 
on the scale of 1,600 feet to an inch, in contours 10 or 20 feet 
apart. 

Wisconsin.—In Wisconsin some work was done in the south- 
western part of the state by the state geologic survey. This work 
was based on the triangulation of the United States Coast and 
Geodetic survey. The Land office plats were utilized and the 
relief was expressed by 50-foot contours. 

Minnesota.—Most of the area of Minnesota has been mapped 
by the state geologic survey on a scale of 4 miles to an inch, in 
50-foot contours. The horizontal element of this map was fur- 
nished by the surveys of the General Land office, the vertical 
element being supplied from the profiles of railroads, supple- 
mented by aneroid measurements. 

Kentucky.—Drainage maps of many of the counties of Ken- 
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tucky have been prepared from traverses of the roads. These 
maps, which make no attempt to show the relief, are published 
on a scale of 2 miles to an inch. 

California.—Between 1860 and 1870 the state of California 
maintained a geologic survey, which, like all other well regulated 
geologic surveys, found it necessary to devote much of its means 
to making topographic maps. By this organization a large part 
of central California was mapped, the greater part being on a 


scale of 6 miles to an inch, while a small area about the bay of 


San Francisco was on a scale of 2 miles to an inch, the relief in 
both series of maps being expressed by hachures. 

New Jersey.—The only state which thus far has devised and 
put into operation a reasonable and economical plan for map- 
ping its area is New Jersey. In 1877 this state commenced sur- 
veys for a map in connection with its geologic survey upon a 
plan and by methods very similar to those subsequently adopted 
in the geologie survey of the United States. The work was con- 
trolled by triangulation, in the main executed by the United 
States Coast and Geodetic survey and supplemented by the state 
survey. Minor control was furnished by means of traverse lines, 
and elevations were measured by spirit level and vertical angles. 
The resulting maps were published on a seale of one mile to an 
inch, in contours of 10 and 20 feet. When the state was about 
half surveyed the United States Geological survey undertook 
and carried the work through to completion upon the same 
plan and by the same methods which the state had originated. 


PRIVATE SURVEYS. 


In consequence of the neglect of the government in the matter 
of mapping this country, a wide field has been left open for pri- 
vate enterprise, and this field has been worked actively, but with 


curious results. Maps have been produced by private parties of 


practically every county in the northern states and of some 
counties of the southern states. The material for these maps 
has been obtained by traverse surveys along the roads. These 
maps are generically similar, and can be characterized in a very 
few words. They are essentially diagrams of roads. The houses 
along the roads are generally represented, together with the 


names of the owners, as it is found that this aids in the sale of 


the maps. Streams are but feebly represented, and relief is rarely 


shown. 
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Most of the railroads of the country have prepared maps of 
their lines showing at least the alignment of the road and in 
many cases the adjacent topography. They have prepared also 
profiles of their lines, and as this is an important element from 
the railroad point of view, much more attention has been given 
to this than to alignment. 

There is one railroad company which has done more than 
this. The Northern Pacific railroad organized in 1882, and sup- 
ported for three years, a survey of the country adjacent to its 
line. During these three years an area of 45,000 square miles 
was mapped in Montana and Washington. The methods used 
were similar to those of the Hayden survey, and the maps were 
designed for publication on a seale of 4 miles to an inch, in 200- 
foot contours. A part of this area has been published by the 
United States Geological survey. 

Large areas of the eastern and most densely settled portion of 
the country are dependent entirely for their maps upon these 
road diagrams of counties and upon railroad maps and profiles. 
Such is the condition of all in which no public land surveys 
have been carried on, excepting the areas surveyed by the organ- 
izations above described. Thus, New York has no other maps 
besides these road diagrams, excepting some 2,000 square miles 
mapped by the United States Geological survey and some trifling 
additions by the United States Coast and Geodetic survey, while 
Pennsylvania is almost as poor in information regarding its 


topography. 


The foregoing is a summary of the principal sources of geo- 
graphic information concerning this country. It comprises prae- 
tically all the material which is available for the compilation of 
a map of the United States. Of course, it is understood that in 
numerous cases the same area has been mapped by two or more 
organizations, thus affording opportunity for selection between 
them. Im such cases, generally speaking, the later survey is the 
better, but in certain cases one piece of work is better for one 
purpose, and another for another purpose; one for one class of 


features, another for another class. 
RELATIVE VALUES OF THE Maps. 


[ propose to classify the body of diversified material in accord- 
ance with my estimate of its map value as expressed by the scale 
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upon which it is worthy of being represented, and thus to make 
an estimate of the area of the country which can be mapped from 
existing material upon each of several different scales. 

The scales which I shall consider are 1, 2,4,8 and 16 miles to 
an inch. I exclude from consideration, for the present, the ter- 
ritory of Alaska. 

On a scale of 1 mile to an inch, I find that only 100,000 square 
miles can be mapped, or about one-thirtieth of the area of the 
country (that area being ,a trifle over 3,000,000 square miles). 
This area possible to map includes the states of Massachusetts, 
Rhode Island, Connecticut and New Jersey and parts of numer- 
ous other states, mainly in the north. It includes a narrow strip 
of topography along the sea and lake coasts and the Mississippi 
and Missouri rivers. Two-thirds of this area is the work of the 
United States Geological survey, the balance being mainly that 
of the United States Coast and Geodetic survey. 

On the scale of two miles to one inch, an area of 860,000 
square miles has been surveyed by the Geological survey. No 
work adapted to representation upon that scale has ever been 
surveyed by other organizations. This area is widely scattered 
over the country. On this scale, therefore, an area of 460,000 


square miles, or between one-fifth and one-sixth of the area of 


the country, can be mapped. 

Ona scale of 4 miles to one inch, the work of several organiza- 
tions is included, viz, the exploration of the 40th parallel, the 
Hayden, Powell and Northern Transcontinental surveys, the 
Black hills survey, the 4-mile work of the Wheeler survey, and 
the 4-mile work of the United States Geological survey. The 
work of these organizations foots up, after deducting the over- 
lapping areas, 460,000 square miles. All this area is in the Cor- 
dilleran region. 

The area in the United States which can be mapped on a 
scale of 4 miles to one inch is, therefore, 920,000 square miles, or 
between one-third and one-fourth of the area of the country. 

The original maps of this area are all of such character as to 
furnish material for representing all the three elements of a 
topographic map—the hydrography, the culture and the relief. 
They include most of those parts of the country which present 
high relief, including the southern Appalachians and most of the 
Cordilleran region. With the exception of 60,000 square miles 
furnished by the Wheeler survey, the relief of this area can be 
expressed quantitatively by contours. 
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The additional material which is adapted for smaller scales 
than those mentioned above shows, in the main, only hydrog- 
raphy and culture. Except for certain comparatively small 
areas, relief is not expressed at all. Still, the fact should not be 
overlooked that by far the greater proportion of the areas of high 
relief have been mapped upon the larger scales. In the remain- 
ing areas the relief element is not of so great importance. 

On the scale of 8 miles to one inch, 1,530,000 square miles 
in addition to the areas above enumerated can be mapped. Of 
this area, 1,200,000 square miles are furnished by the maps of 
the General Land office and 100,000 square miles by county 
maps of the New England states, both of which classes of maps 
show no relief. 100,000 square miles are included trom the 8- 
mile work of the Wheeler survey, which shows relief by hachures. 
The remainder comes in small areas from various sources. On 
this scale, therefore, a map including 2,450,000 square miles, or 
nearly five-sixths of the country, can be prepared, showing hy- 
drography and culture. 

A reduction of the scale to 16 miles to one inch, or about 
1: 1,000,000, increases but little the area possible to map. It adds 
only such parts of the southeastern states as are not already in- 
cluded, a portion of Texas, and some trifling areas in the Cordil- 
leran region. The southeastern states can be represented on this 
scale by the aid of compilations of railroad maps, war maps, ete, 
notably the compilations made by the United States Coast and 
Geodetic survey during the civil war, the compilation of North 
Carolina made by Professor W. C. Kerr, and others. 

A compilation from railroad surveys has been made of Texas, 
which, excepting for the western part of the state, will answer 
for this scale. In the Cordilleran region some small areas not 
included in later maps have been run over so closely by army 
expeditions and exploring parties as to be worthy of a place in 
this category. 

Altogether, an area of about 2,800,000 square miles can be 
mapped on this scale. This leaves, besides Alaska, about 225,000 
square miles which is too little known to be represented on a 
scale of 16 miles to one inch. 

Much of this material is measurably deficient in the culture 
element, inasmuch as the surveys were executed many years 
ago and, in the interval which has elapsed, this element has 
changed greatly. This is particularly the case in the west, where 
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most of the present stage of development has been produced 
since the work of the Hayden, Wheeler, King and Powell sur- 
veys was done. 

To bring this culture element up to date on maps of the 
two last-mentioned scales, viz, 8 and 16 miles to one inch, the 
postal-route maps are of great service—are, indeed, well-nigh 


invaluable. 
SUMMARY. 


About 76 per cent of the area of the United States, exclusive 
of Alaska, has been surveyed by the general government on 
various scales, and fully 16 per cent more has been surveyed 
by other organizations or private parties in such manner as to 
yield useful maps, leaving barely 8 per cent of our territory un- 
surveyed. The mother maps of the country are based upon 
these surveys. 

The areas represented on the various mother maps of the 
United States and available for compilation, classified by the 
scales on which they are worthy of reproduction, are summarized 
in the appended table. They are also shown graphically in the 
accompanying map of the United States forming plate 17. 

The scale of 1: 1,000,000, or nearly 16 miles to one inch, has 
been adopted by the Geographic congress for mapping the earth, 
and it is therefore of interest to know how much of this country 
can be mapped on this scale, and where the areas are located 
concerning which our information is too scanty to warrant such 
representation. These areas may briefly be enumerated. They 
are : 

Northern Maine. 

Adirondack plateau of New York. 

Southern Florida. 

Most of Idaho and much of Montana. 

The Cascade and Coast ranges of Oregon and Washington. 
Western North Dakota and South Dakota. 

Western Texas and southeastern New Mexico. 
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The territory of Alaska is still in the exploration stage. Its 
condition, as regards our geographic knowledge of its area, is 
quite similar to that of the Cordilleran region half a century ago. 
The shore line has been explored and laid down upon charts in 
its approximate position, and a part of the intricate shore line of 
southeastern Alaska has been mapped with some accuracy. The 
interior of the territory has been traversed by a number of expe- 
ditions, and thus a few routes have been surveyed; but far the 
ereater part of the interior is still utterly unknown. 
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